Considerable advances have been made over the last decade in percutaneous technology for the treatment of atherosclerotic diseases in the femoro-popliteal arteries. While treatment strategies are well defined in the iliac segment, where angioplasty and stenting perform well in appropriately selected lesions, the search for a durable transcatheter therapy for femoro-popliteal lesions continues. Whereas balloon angioplasty (PTA) is the accepted therapy for short lesions, long diffuse lesions are still recommended for surgical treatment. However, attractive new technologies ranging from transcatheter plaque excision to laser ablation, rotational atherectomy, cryoplasty, brachytherapy, and placement of drug-eluting stents to simple angioplasty with drug-coated balloons may have the potential to replace femoro-popliteal bypass surgery as a treatment of choice for complex lesions. This article reviews the status of percutaneous endovascular techniques for the treatment of femoro-popliteal artery occlusive disease. Figure 1 (a and b) Detailed drawing of the cutting assembly of the Silverhawk TM atherectomy catheter.
Introduction
Peripheral arterial disease (PAD) is one of the major manifestations of systemic atherosclerosis estimated to be present in 3% of people in the age range [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] years and in 20% of people over 70 years. 1, 2 Approximately 5% of the patients with PAD will progress from intermittent claudication to critical limb ischaemia (CLI) in the due course of their disease. The risk factors that lead to this advanced form of PAD are advanced age, tobacco use and diabetes mellitus. Patients on dialysis are also at increased risk of presenting with CLI. [3] [4] [5] CLI is associated with an extremely poor prognosis with a mortality rate of 25.0% at 1 year. 3, [6] [7] [8] Significant mortality is due to coexistent cardiovascular and cerebral-vascular diseases.
Anatomically, approximately 30% of the arterial lesions are located in the iliac arteries, 70% in the femoro-popliteal and tibial tract. Isolated lesions below the knee are present in only 15% of the cases. Approximately 30% of the symptomatic PAD patients have diffuse arterial disease, and the majority of CLI patients, most of whom are diabetic, have distal arterial disease with occlusions in the tibial arteries.
The primary goal of any treatment of patients with PAD will be either limb salvage or relief of significant lifestyle-limiting symptoms. Surgery has long been considered the gold standard treatment when symptoms could not be controlled by risk factor modification, exercise therapy or medication. With the introduction of new interventional techniques and devices, some caused by coronary intervention, acute treatment success and durability of endovascular technology has improved during the last decade. As a result, endovascular intervention has become a firstline therapy to treat PAD and even complex arterial diseases.
Definitions of long-term durability of endovascular procedures
Study reports on the durability of endovascular femoro-popliteal interventions use different terms to describe sustained treatment success. The most important term is 'primary patency', defined as exempt from restenosis of the target lesion during follow-up. 'Primary assisted patency' is defined as patency of the target lesion following endovascular reintervention at the target vessel site in case of symptomatic restenosis. 'Secondary patency' reports patency of the target lesion after treatment of a (re)occlusion of the index lesion. A reintervention at the index lesion site is defined as target lesion revascularization (TLR). If another lesion at the target vessel site but not the index lesion itself needs to be treated during follow-up this intervention is defined as target vessel revascularization (TVR).
Superficial femoral artery and popliteal artery disease
The superficial femoral artery (SFA) extending to the proximal popliteal artery segment is the most commonly diseased vasculature. More than 50% of all PAD cases involve the SFA and popliteal artery. Femoro-popliteal disease is often characterized by long, diffuse lesions, long occlusions (as opposed to mild focal stenoses). The unique slow-flow and highresistance environment in the femoro-popliteal region creates a milieu that seems to increase the prevalence of de novo disease. The same issues that lead to accumulation of plaque within the femoro-popliteal region likely amplify the response to injury and may explain the high incidence of restenosis following traditional angioplasty. 9 Femoro-popliteal occlusive disease is still the Achilles heel of the vascular specialist.
The durability of femoro-popliteal intervention can be predicted by the pre-procedural angiographic characteristics of the target lesion. The TASC I and the updated TASC II document 6 divided the femoropopliteal lesions into four categories (Table 1) . TASC A lesions are more suitable for endovascular procedures, whereas surgery is recommended for TASC D lesions. The TASC document clearly states that it takes more evidence to make firm recommendations about the role of angioplasty (PTA) for TASC B and C lesions.
Indications for therapy in femoro-popliteal disease
During the last 2 years, the updated TASC consensus paper 6 and the ACC/AHA guidelines for the management of patients with PAD 7 have been published, including literature survey-based recommendations on the treatment of femoro-popliteal artery disease.
Charles Dotter performed the first SFA angioplasty with sequential dilators in 1964. 10 Four decades later, we still continue searching a durable endovascular technology for long complex lesions in the femoropopliteal segment. With the help of today's available techniques almost all stenoses and at least 90% of occlusions can be reopened. In case of failure to cross a chronic total occlusion with a glidewire, a retrograde popliteal access or the utilization of one of the recently 224 available devices designed to cross total occlusions or so-called re-entry devices can facilitate recanalization of total femoro-popliteal occlusions. However, cost consideration is associated with these more sophisticated crossing techniques. Both papers indicate exercise therapy and pharmacotherapy as first-line therapy in patients suffering from intermittent claudication. 
Exercise therapy

Endovascular therapy 3.1. TASC II guidelines
Endovascular treatment of infra-inguinal disease should be limited to patients with failed exercise or pharmacotherapy suffering from intermittent claudication and in every patient with CLI. Endovascular therapy as an established treatment modality is accepted in patients with intermittent claudication. "The low morbidity and mortality of endovascular techniques such as PTA makes it to the preferred choice of treatment in limited disease such as stenoses/occlusions up to 10 cm in length." Recommendation 35: "Choosing between techniques with equivalent short-and long-term clinical outcomes: In a situation where endovascular revascularization and open repair/bypass of a specific lesion causing symptoms of peripheral arterial disease give equivalent short-term and long-term symptomatic improvement, endovascular techniques should be used first [B] ." Recommendation 37: "Endovascular therapy is the treatment of choice for type A lesions and surgery is the treatment of choice for type D lesions [C] . Endovascular treatment is the preferred treatment for type B lesions and surgery is the preferred treatment for good-risk patients with type C lesions. The patient's co-morbidities, fully informed patient preference and the local operator's long-term success rates must be considered when making treatment recommendations for type B and type C lesions [C]." 3.2. ACC/AHA guidelines As a class I recommendation "endovascular procedures are indicated for individuals with a vocational or lifestyle-limiting disability due to intermittent claudication when clinical features suggest a reasonable likelihood of symptomatic improvement with endovascular intervention and (a) there has been an inadequate response to exercise or pharmacological therapy and/or (b) there is a very favourable riskbenefit ratio (e.g. focal aorto-iliac occlusive disease). (Level of Evidence: A.)"
As a class IIa recommendation it is stated that "stents (and other adjunctive techniques such as lasers, cutting balloons, atherectomy devices, and thermal devices) can be useful in the femoral, popliteal, and tibial arteries as salvage therapy for a suboptimal or failed result from balloon dilation (e.g. persistent translesional gradient, residual diameter stenosis greater than 50%, or flow-limiting dissection). (Level of Evidence: C.)" "The effectiveness of stents, atherectomy, cutting balloons, thermal devices, and lasers for the treatment of femoro-popliteal arterial lesions (except to salvage a suboptimal result from balloon dilation) is not well established. (Class IIb recommendation, Level of Evidence: A.) Primary stent placement is not recommended in the femoral, popliteal, or tibial arteries. (Class III recommendation, Level of Evidence: C.)"
In summary, both consensus papers favour conservative therapy as a first-line therapy. Invasive therapy is only indicated if conservative therapy has failed or is not indicated because of co-morbidities or special individual circumstances. Even if reliable data are still rare regarding the effectiveness of advanced techniques compared to plain balloon angioplasty, the new guidelines are more liberal regarding their use than the original TASC I consensus paper.
Post-interventional surveillance programme
Owing to the fact of the probability of restenosis development -still relatively high -and the progressive nature of atherosclerosis, patients undergoing endovascular (and surgical) procedures should be included into a chronic surveillance programme. Usually, follow-up visits are scheduled after 3 and 6 months and every 6 months thereafter. Besides clinical examination, the calculation of the ankle-brachial index (ABI) based on Doppler pressure measurement at the brachial and ankle arteries represents the basic non-invasive examination. In case of recurrent symptoms or a drop of the ABI during follow-up, an additional colour duplex examination for the detection and grading of restenosis or a de novo lesion and a treadmill test for the determination of walking impairment is mandatory. Magnetic resonance tomography angiography and computed tomography angiography are not indicated as routine follow-up examination techniques.
Treatment techniques
Balloon angioplasty
Balloon angioplasty (PTA) remains the simplest technique and may be the first treatment to be proposed for some lesions, but its technical success and durability strongly correlate with lesion morphology. [11] [12] [13] [14] In general, the results obtained after treating longer stenoses and/or occlusions have not been encouraging, even when comparing to the original TASC classification. A 5-year cumulative patency rate of 75% can be expected for short focal stenoses (TASC A) and 6 months cumulative patency rates have been 86.8% for stenoses Ͻ7 cm (TASC B) and 23.1% for those Ͼ7 cm representing TASC C & D lesions. 13 PTA of lesions Ͻ 5 cm is generally more durable than PTA of lesions Ͼ10 cm. 12 In the STAR registry 15 the technical success rate for PTA was 95% with a primary patency rate of 87% at 1 year, 80% at 2 years, 69% at 3 years, and 55% at 4 and 5 years. Stratified to TASC categories, the 36-month patency rate was 87% for TASC A lesions, 69% for TASC B lesions and 67% for TASC C lesions, which demonstrated that category C lesions may be treated with results similar to those in category B. Factors affecting long-term patency were the presence of diabetes and renal failure, lesion length, stenosis versus total occlusion, diameter stenosis at baseline and post-PTA, calcification, eccentricity, post-PTA dissection, and serial lesions versus single lesion. The most powerful predictor for reduced vessel patency, however, was a poor tibial vessel run-off compared with an unaffected run-off situation to the foot (primary patency rates 40.6% versus 92%, p Ͻ 0.001).
Most authors recommend crossing a lesion intraluminally. The technique of subintimal angioplasty as a primary attempt to cross a total occlusion remains controversial. It seems to give good long-term results for long, not seriously calcified lesions and for patients with CLI. Bell 16 reported more than 1000 procedures with a technical success rate of 86%, a 6-year patency rate of 55% and a 3-year limb salvage of approximately 90% which competes with surgery.
Stent-supported angioplasty
Stent designs have changed over the years. In the early Wallstent TM data, SFA reocclusion rates were up to 70% at 3 years. [17] [18] [19] Balloon-expandable stents such as Palmaz TM stents (Cordis, Johnson & Johnson, Haan, Germany) and Strecker TM stents (Boston Scientific, Ratingen, Germany) were also implanted at the femoro-popliteal axis and several single-centre series were published showing acceptable results for short lesions. [19] [20] [21] [22] [23] [24] [25] [26] However, three randomized studies [27] [28] [29] comparing PTA alone and PTA and stenting with balloon-expandable stents reported no benefit for stenting and the risk of stent compression. These studies do not support balloon-expandable femoro-popliteal stenting as a primary approach. These stent types may play a limited role in the treatment of highly calcified lesions where self-expanding stent application is limited by its insufficient radial force.
Several non-randomized studies have demonstrated the significant improvement of the new generation of nitinol stents for the SFA. The introduction of the nickel-titanium alloy (nitinol) seemed to change the situation. They offer numerous advantages such as improved deliverability precision, minimal foreshortening, 5 F/6 F sheath compatibility, and longer lengths. Hayerizadeh et al 30 retrospectively compared 163 SMART TM (Cordis) nitinol stents (lesion length: 178 Ϯ 110 mm) with 166 Wallstent stainless steel stents (lesion length: 197 Ϯ 101 mm). The 1-year primary patency rate was 61% with the SMART stent versus 30% with the Wallstent (p Ͻ 0.0001). Sabeti et al 31 did a similar retrospective analysis in 175 patients comparing nitinol stents and stainless steel stents. The 2-year patency rate was 69% with nitinol stents and 34% with stainless steel stents (p ϭ 0.008). More recently, once again Sabeti et al 32 reported a study of 65 patients treated with a SFA lesion length of Ն20 cm using nitinol stents and found encouraging results with a 1-year restenosis rate of 7% in non-diabetic and 22% in diabetic patients (p Ͻ 0.01). Mewissen 33 reported the results of 246 implanted SMART nitinol stents in 137 limbs in the majority of the target lesions, including TASC B and C lesions (mean lesion length 12.6 cm). The patency rates were 92%, 76% and 60% at 6, 12 and 24 months, respectively.
However, from recently published trials we learned that not every nitinol is alike regarding long-term patency and fracture resistance. In parallel with promising long-term patency results coming from the bare stent arm of the SIROCCO II study 34, 35 showing 6-month and 2-year restenosis rates of 7.7% and 25%, respectively, this study raised the question of stent fractures found after 6 months in 17% and 12% for three and two overlapping stents, respectively. The FESTO trial 36 suggested a direct correlation between the stent fracture rate and an increased restenosis rate. However, there are several doubts about this theory coming from the latest published or presented randomized trials using the Absolute TM stent (Abboth Vascular, Giessen, Germany) 37 and the Luminexx TM (CR Bard, Karlsruhe, Germany) stent. 38 In the Vienna study, 37 the stent fracture rate after 1 year was only 1%; however, the restenosis rate was 25% for SFA lesions with an average length of 101 mm. On the other hand, the FAST (Femoral Artery Stenting Trial) study found stent fractures in 12% of the implanted stents. Binary restenosis rates in the fractured stents versus non-fractured stents were 20% and 28.8%, respectively. Based on these results the stent design and stent surface are more likely to affect stent patency than stent fractures.
One-year patency rates were different in both studies, not only because of significantly differing lesion lengths: the Vienna study 37 included SFA lesions with a mean length of 101 mm and 92 mm (p ϭ 0.11) in the stent arm and PTA arm, respectively. One-year binary restenosis rates for the 'as-treated' analysis were significantly in favour for the stent group being 25% and 50% (p ϭ 0.02), respectively. In contrast, the FAST study including mean lesion lengths of 45 mm and 44 mm for the stent group and PTA group respectively, found no significant difference regarding 1-year restenosis rates for the 'as-treated' analysis being 33% and 38%, respectively. These results may lead to the conclusion that short lesions do quite well with plain PTA, whereas in longer lesions the primary use of stent devices dedicated for femoro-popliteal application should be preferred.
Endografts
Early results with Dacron-covered stents were very disappointing due to the porosity of the graft material allowing restenosis to occur and its association with a significant inflammatory response. [39] [40] [41] [42] [43] [44] However, the early and midterm outcomes with the Hemobahn TM stent-graft (WL Gore and Associates, Inc., Flagstaff, AZ, USA) seem to be competitive with prosthetic surgical bypass with a reduced inflammatory vessel wall response. [45] [46] [47] [48] [49] [50] [51] [52] [53] Recently, the TCT (Trans Catheter Therapeutics) 2006 meeting presented promising single-centre registry data on the 1-year patency of the Viabahn TM (WL Gore and Associates, Inc.) application in long native SFA lesions and on in-stent lesions too being 90% and 65%, respectively. 54, 55 Moreover, Saxon et al 56 reported a 79% primary patency rate and 93% secondary patency rate at the 4-year follow-up for lesions of an average length Ͼ10 cm, using Hemobahn or Viabahn stent grafts. Another potential indication for the application of this technology might be the treatment of femoro-popliteal aneurysms. 57 However, reports on the long-term results of the application of this technology are still pending. The impact of occluding all muscular perforating side branches is still uncertain. A comparative study between the endovascular placement of the Hemobahn stent-graft and bare nitinol stenting or, even better, surgical bypass would help provide solid evidence-based support for the use of this technology.
Drug-eluting stents
Recently, hopes that a drug-eluting stent (DES) might prove a useful solution to improve long-term patency in the SFA were dashed by the SIROCCO I and II trials. 34, 58 After promising 6-month intermediate results showing only a trend towards better patency for the DES group due to the much better performance of the bare nitinol SMART stent group as expected when calculating the study size, 57 after 24 months the outcome was virtually identical for both groups with restenosis rates of 24% and 25% for the DES and the bare stent group, respectively. 35 However, even if these trials failed to prove a benefit for a self-expanding stent platform for drug elution, a long-term primary patency rate of about 75% for the bare stents and DES is promising.
Explanations for the failure of a beneficial outcome of DES application to femoro-popliteal arteries are numerous, including wrong (too short) release kinetics and an insufficient peak concentration of the used drug (sirolimus), and a completely different remodelling behaviour of the vessel wall following placement of self-expanding stents compared to balloon-expandable stents as used in the coronaries. Further research has to be awaited to make final conclusions on the potential benefit of DES application in the femoro-popliteal vessel area. Currently, another study is still including patients to investigate the long-term outcome of a polymer-free nitinol stent platform using paclitaxel as a antiproliferative agent (ZILVER study).
Therefore, while stenting remains the preferred interventional therapy for many cases, especially bail out situations, it does not yet appear as the final solution to treat femoro-popliteal lesions. There are many emerging technologies that might revolutionize the way to approach treatment of femoro-popliteal stenoocclusive disease.
Plaque modulation devices 1. Cutting balloon angioplasty
The idea behind this technology is to reduce stretching and overexpansion of the vessel wall by inducing longitudinal cuts into the plaque and the inner layers of the vessel wall. Theoretically this approach should lead to reduced uncontrolled dissection, less elastic recoil, fewer barotraumas and with this a reduced restenosis rate. Cutting balloon (Boston Scientific, Ratingen, Germany) may be indicated in calcified and rigid lesions, and bifurcation lesions. However, clinical experience with this technology is still limited. 59 
Cryoplasty
The objective of cryoplasty (Boston Scientific) is to temporarily freeze the intima and media layers of the vessel wall to a temperature of Ϫ10°C at the time of dilation using an automated liquid nitrogen deployment system. Theoretically, this technology is characterized by three major effects leading to a more benign wound-healing process following angioplasty: (i) induce a more controlled and uniform stretching of the vessel wall as a result of a change in plaque microstructure; (ii) a reduction of elastic recoil by freeze-induced alteration of the morphology of collagen and elastic fibres with shortterm loss of vessel elasticity; and (iii) apoptosis of vascular smooth muscle cells resulting in a reduced neointima formation. 60, 61 The primary success of this technique seems to be very similar to angioplasty, but controlled data on durability data is still pending. Laird et al 62 reported a duplex ultrasound-controlled 9-month primary patency rate of 70%. However, the primary success rate of this technology was disappointingly low at 85% and could be improved to 94% by stent placement. Currently, this technology is not justified for general application because of the high device costs compared to plain PTA.
Another approach to avoid stenting with the goal to achieve the same durability is to remove the stenoocclusive material using plaque excision devices:
Atherectomy devices
Directional atherectomy
In the beginning of the 1990s, there was considerable enthusiasm for directional atherectomy as a means to increase procedural luminal gain while avoiding barotrauma and vessel recoil. At that time, the Simpson AtheroCath was studied, hoping it would provide a durable solution to femoropopliteal disease. 63 Unfortunately, directional atherectomy did not improve the clinical or hemodynamic outcome at this level. Rather, the results suggested that atherectomy might actually be worse than angioplasty. 64 Based on this early clinical experience, directional atherectomy fell out of favour, but now a new atherectomy device, the SilverHawk TM Atherectomy Catheter (FoxHollow Technologies, Redwood City, CA, USA) specifically designed for the femoro-popliteal segment might change the situation (Figures 1-3) . Long, diffuse, even calcified lesions can be treated. The initial outcomes with this device seem promising, 65, 66 and also the first long-term single-centre report could demonstrate satisfying results at least for de novo lesions. 67, 68 Strikingly, restenotic lesions, regardless of whether they were located in-stent or in a native artery vessel segment, did result in much higher reoccurrence rates compared with de novo lesions.
Remote endarterectomy
Remote endarterectomy 69 is a hybrid of minimally invasive surgical and endovascular techniques and offers a safe and effective option for the treatment of long segment SFA diseases with a single small incision in the groin. Extensive debulking can be performed with specifically designed surgical instrumentation combined with standard endovascular equipment (MollRing Cutter; Vascular Architects, Portola Valley, CA, USA). A recent study combined this technique with placement of a distal Aspire TM covered helical stent (Vascular Architects Inc., San Jose, CA, USA). A primary patency rate of 70% at 30 months was recently published. 70 Another study reported a primary patency rate of 69% at 18 months, and a primary-assisted patency rate of 88% at 15 months. 71 
Excimer laser atherectomy (photoablation)
Debulking the SFA or popliteal artery utilizing laser technology has helped to improve outcomes and durability for femoro-popliteal disease in single-centre reports. [72] [73] [74] [75] Recent advances in catheter design and technique, including saline infusion, have minimized the thermal energy associated with laser therapy and reduced the risk of vessel dissection. The results of the Laser Atherectomy for Critical Ischemia (LACI-2) pilot study are promising for patients with non-healing wounds. 76 However, the Peripheral Excimer Laser Angioplasty (PELA) study, 77 a multi-centre, prospective, randomized trial involving 251 patients with claudication (Rutherford category 2-4) for at least 6 months and total SFA occlusions Ն10 cm randomized to either excimer laser-assisted angioplasty or balloon dilation was not able to prove any benefit for excimer laser (Spectranetics, Colorado Springs, CO, USA) application. Twelve-month patency rates and functional status were similar in both groups. The only significant difference between both groups was a lower stent rate in the laser-treated cohort. Currently, laser angioplasty does not seem to have a significant role in the treatment of femoro-popliteal diseases.
Rotational atherectomy
A still investigational device, the Pathway PVS TM atherectomy catheter (Pathway Medical, Redwood City, CA, USA), offers an attractive alternative approach to remove plaque material: scraping flutes that can be extended in diameter by just changing the direction of the rotation of the device at the tip of the catheter atherectomize the plaque from the vessel wall. The debris is continuously aspirated and collected in a collecting reservoir via an inner lumen ( Figure 4 ). Initial short-term experience coming from a European multi-centre registry is promising regarding efficacy and performance of the new device. 78
Brachytherapy
Böttcher et al 79 were the first to present data showing that endovascular irradiation is both feasible and safe in humans. In this Frankfurt trial, patients with recurrent lesions after balloon angioplasty with a mean lesion length of 6.7 cm were treated with repeated PTA plus stent implantation and endovascular brachytherapy (BT) for prophylaxis of in-stent restenosis in the SFA. A dose of 12 Gray (Gy) prescribed at a radial distance of 3 mm corresponding to the vessel surface was administered via a non-centring catheter. In the 28 patients available for long-term follow-up, the 5-year primary patency rate was 82%, determined clinically and by ultrasound. Three patients developed restenosis within the treated segment, while two patients presented with acute thrombotic occlusion after 16 and 37 months, respectively. 80 Furthermore, using magnetic resonance imaging (MRI), the authors observed no evidence of side effects to the vessels, nerves, or soft tissue surrounding the femoral artery. In a randomized study on restenotic SFA lesions, the patients were either randomized to either angioplasty with high-dose gamma BT using a non-centred 192 Ir source (12 Gy) or repeat angioplasty alone. 81 At 1 year, the restenosis rates were 23% in the BT group versus 42% in the control group ( p ϭ 0.028) by duplex ultrasound, confirming that BT exerts a beneficial effect in patients with recurrent lesions after prior balloon angioplasty.
Gallino et al 82 reported results of a 2 ϫ 2 factorial randomized trial of 335 patients assigned to PTA, PTA plus BT (14 Gy), PTA plus probucol, or PTA plus probucol and BT. No late thrombotic reocclusion occurred after PTA and subsequent BT. 83 The 6-month restenosis rates by duplex ultrasound after PTA plus BT versus balloon angioplasty alone were 17% versus 35%, with a 50% reduction of restenosis by BT compared to plain balloon angioplasty (p Ͻ 0.001). Probucol did not add to the beneficial effect of BT.
The Peripheral Artery Radiation Investigational Study (PARIS) was approved by the Food and Drug Administration to test feasibility and safety. 84 The angiographic binary restenosis rate at 6 months was 17.2% and the clinical restenosis rate at 12 months was 13.3%. The authors concluded that intra-arterial high-dose gamma radiation after balloon angioplasty of SFA lesions was feasible and safe. In the second randomized phase, 203 patients were enrolled in centres in the USA and Europe. In preliminary results (R. Waksman, 2003 American College of Cardiology meeting), disappointingly the angiographic and clinical parameters showed no significant differences between the treatment groups.
The most experience on BT came from the Vienna trials. Based on promising results derived from the feasibility trial (Vienna-01), 85 the Vienna-02 trial 86 included patients with a mean lesion length of 17 cm comparing PTA plus non-centred BT and plain PTA. Recurrence rates at 6 and 12 months were 28% and 36% in the PTA ϩ BT group versus 54% and 65% in the plain PTA group (p Ͻ 0.05), respectively. The significant improvement in patency was also maintained after 3 years. Despite the significant reduction of recurrence in this randomized trial, restenosis was not prevented in about a third of the patients. The Vienna-03 trial 87 employed a source-centring catheter as used in the PARIS trial. However, opposite to the PARIS protocol, patients with longer lesions (mean lesion length 10 cm) were eligible, and the prescribed dose was 18 Gy compared to 14 Gy in the PARIS trial. Oneyear restenosis rates in the BT versus placebo groups were 23% versus 53%, confirming a significant benefit for centred BT. To evaluate the interaction of endovascular BT and stenting, a pilot study (Vienna-04 trial 88 ) was performed. The mean treated length was 17 cm and a dose of 14 Gy was prescribed. At 6 months recurrence was observed in 10/33 lesions, including seven lesions with sudden late thrombotic occlusion. Prolonged administration of clopidogrel for at least 12 months therefore appeared to be mandatory after stenting and BT. Based on this experience, the Vienna-05 trial 89 was initiated comparing the 6-month recurrence rates after femoro-popliteal stenting and BT versus stenting alone. The study design and dose prescription were identical to the Vienna 04 trial, except that all patients should receive clopidogrel for at least 1 year. Recurrence rates at 6 months in the BT group compared to the placebo group were 33% versus 35%. A considerable proportion of recurrences were due to early (17%) and late thrombotic (7%) reocclusions in the BT group, all of which occurred after early discontinuation of clopidogrel. Even in the setting of a well-conducted trial, patients stopped taking clopidogrel although it was prescribed by the study investigators. This suggests that in routine clinical application BT represents an unsafe therapy if the antithrombotic regimen is not strictly supervised. This fact and the high logistic requirements prevented a more widespread use of this technology in peripheral interventions such as in the coronaries.
Drug-coated balloon angioplasty
Another approach to suppress overwhelming vessel wall reaction on the angioplasty trauma is the applica- tion of antiproliferative drugs. Whereas drug-eluting stents have not yet proved a beneficial outcome, Tepe et al recently presented data for the THUNDER trial. 90 This study creates new hope to surrender the problem of restenosis development. This prospective, doubleblinded, multi-centre trial compared plain balloon angioplasty and balloon angioplasty using paclitaxelenriched dye and balloon angioplasty using a paclitaxel-coated balloon catheter (Paccocath TM BMT, Munich, Germany). Comparable to the beneficial results treating coronary in-stent restenoses, 91 the 6month binary restenosis rates were significantly lowered in the Paccocath group, being 39%, 56% and 17% (p Ͻ 0.01) for the three study arms, respectively. The 1-year and 2-year angiographic results must be awaited before the general application of this promising device can be recommended.
Rotational thrombectomy
A rotational thrombectomy device with limited additional atherectomy capabilities available in 6 F and 8 F diameters has been recently proposed by several authors. 92 The Rotarex TM (Straub Medical, Wangs, Switzerland; Figure 5 ) system can be applied for thrombotic occlusions in both acute and chronic phases and for long restenosis, especially in in-stent reocclusions with a mixed composition of the occlusive material containing thrombus and neointima. The acute success results are reported in the range 95-100%, with promising long-term results for de novo lesions. 93, 94 In some situations, it may be impossible to re-enter the true lumen after having passed a chronic total occlusion of the SFA with the wire subintimally. The least expensive technique to solve this problem is using the retrograde transpopliteal approach. 95 However, not every patient is able to lie in the prone position. Therefore, sophisticated re-entry devices, either IVUS-based (PIONEER TM ; Medtronic, Menlo Park, CA, USA; Figure 6 ) or simply orientated with markers (Outback TM ; Cordis) are introduced to the market. However, no data are yet published about the true value of these expensive technologies.
Summary
All the techniques described above, notwithstanding the treatment of the SFA lesions, are still controversial, although the use of SFA angioplasty with or without stenting is expanding with an increasingly aggressive management strategy for all TASC lesions. It is widely accepted that TASC A and B lesions can be treated with acceptable long-term results using percutaneous minimally invasive techniques. The new techniques may allow us to extend endovascular procedures to TASC C and D lesions. However, despite primary success rates of more than 90%, even in TASC D lesions, the role of endovascular therapy for TASC D lesions remains debated, and many advocate that these patients should be considered for surgical intervention. Surgical bypass remains the gold standard for these more advanced SFA diseases, though surgery is not perfect either. If the distal bypass anastomosis involves the above the knee popliteal artery and the autogenous vein is used as graft material, patency rates are good, and, based on a study involving 3005 limbs, the 5-year primary patency rate is 70% and the secondary patency rate is 81%. 96 The patency rate is lower if prosthetic grafts are used and if patients are treated for limb salvage. Complications are not infrequent, including wound infections (1.6-3.4%), early graft failures (up to 24%), acute leg ischaemia (rates of 1-2%), surgical reversion (rates of more than 20%) and operative mortality (1.3-6%). 96 
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Figure 5
Tip of the Rotarex TM rotational thrombectomy device. The outer part of the cutting head is driven at 40 000 rpm by the internal spiral and removes the occlusive material. The rotation of the spiral produces a permanent vacuum within the catheter which sucks detached thrombotic material into the cutting slits. Here it is chopped up and transported by the spiral through the catheter to the collecting bag. No additional suction device is necessary.
Figure 6
The PIONEER TM re-entry device. A 24 G curved puncture needle allows the puncture of the intima membrane to deliver a second 0.014Љ guide-wire through the needle into the true lumen. The tip incorporates an integrated 20 MHz IVUS transducer.
The current challenge of endovascular revascularization still is long-term primary patency. If this limitation can be overcome with acceptable costs, regardless of the technique used, endovascular techniques will also become the first choice treatment of advanced femoro-popliteal disease stages. Therefore, as recently suggested, if the 5-year patency rate of endoluminal interventions exceeds 30%, endoluminal intervention should be the preferred initial invasive strategy. 97, 98 Percutaneous intervention is on the edge to become the first-line treatment for femoro-popliteal disease regardless its severity. The most promising approach to the treatment of complex femoro-popliteal lesions might be primarily debulking the vessel using atherectomy devices followed by a local drug delivery to suppress overwhelming neointimal and smooth muscle cell growth. The goal should be to avoid the placement of foreign bodies such as stents.
